Abstract During the past 50 years,
Introduction
During the past 50 years, the application of agricultural fertilizers has resulted in increased amounts of nitrogen (N) in the terrestrial ecosystem, influencing carbon (C) cycle processes and carbon sequestration and reallocation (Aber 1992; Foereid and Hogh-Jensen 2004) . Restoration of atmospheric carbon in soils has principal many good effects (Brahim et al. 2011) . N addition has been observed to reduce organic C decomposition and suppress soil respiration resulting in an increase in SOC (Foereid and Hogh-Jensen 2004) . High nitrogen fertilizers application rates may increase the potential groundwater pollution (Mahvi et al. 2005) . Nadelhoffer et al. (1999) proposed that N fertilization in northern temperate zones could lead to an annual increase in soil C storage by 0.3-0.5 pg C.
Labile fractions of organic matter such as dissolved organic C (DOC), microbial biomass C (MBC) can respond rapidly to changes in C supply. Such components have therefore been suggested as early indicators of the effects of N inputs on soil quality (Gregorich et al. 2000) . DOC is an important labile fraction since it is the main energy source for soil microorganisms, a primary source of mineralizable N, P, and S, and it influences the availability of metal ions in soils by forming soluble complexes. MBC plays a key role in the energy flows, nutrient transformations, and element cycles in the environment (Tate 2000) .
Soil microbiological properties have the potential to be early and sensitive indicators of soil stress or productivity changes, and there are considerable evidences that they can be used to evaluate the influence of management on soils (Saggar et al. 2001) . Recently, there has been increased interest in the importance of microbiological properties as indicators of change in soil quality (Saggar et al. 2001) . Some studies on soil labile carbon fraction have been carried out in forests and agricultural lands (Joergensen and Scheu 1999; Ghani et al. 2003; Lee and Jose 2003) . However, little is known about the effects of nitrogen fertilization on soil labile carbon fraction in freshwater marsh soil in Northeast China. Geoelectrical resistivity, hydrogeochemical and soil properties analysis methods were used for chemical fertilizer monitoring in sandy soil at a palm oil plantation in Machang, Malaysia (Islami et al. 2011 ). The present study has focused on the response of the ecosystem to nitrogen input on soil labile carbon fraction in the Sanjiang Plain.
Materials and methods

Sampling sites
The study site is located in the Sanjiang Plain, the eastern part of Heilongjiang Province, Northeast China, and is bordered by Russia. It covers an area of 10.89 Mha, mostly dominated by marshes in 1893, and is presently the second largest marsh in China (Zhao 1999; Liu and Ma 2000) . Drainage and the use of marshes for agricultural fields have occurred in the past 50 years along with population growth, resulting in increase in cultivated land from about 0.79 Mha in 1949 to 4.57 Mha in 1994 (Liu and Ma 2000) . The average altitude is 51.3-75.5 m, and the mean annual temperature is 1.9°C, with an average frost-free period of 125 days. The mean annual precipitation is 550-560 mm, with more than 65 % of the total precipitation occurring in July and August.
The study was set up at the Sanjiang Mire Wetland Experimental Station, Chinese Academy of Sciences, Sanjiang Plain, China, approximately 47°35 0 N, 133°31 0 E, originally dominated by Deyeuxia angustifolia. The sites were annually cultivated for 1, 3, 5, 9, and 15 years. All fields were fertilized with approximately 60 kg N ha -1 year -1 and plowed to depths of 15-20 cm annually by machine. The parent material was Quaternary Period sediment, which was classified as Albaquic Paleudalfs with silty clay texture. A total of 3 plots (40 m 9 40 m) were established in each field. For each plot, 20 cores with depths of 0-10 cm were taken before spring cultivation.
A field cultivated for 9 years was used for a short-term study of the effect of nitrogen fertilizer levels on soil microbiological properties and dissolved organic carbon. In this field, 9 plots (19.5 m 2 ) were established, and 3 treatments (0, 60, and 150 kg N ha -1 , conducted three repetitions) were chosen. For each plot, 3 cores with depths of 0-10 cm were taken once every 10 days for 2 months. Field cores were pooled, sieved (\2 mm), and stored at 4°C.
The effects of ammonia nitrogen in horizontal subsurface flow and the performances of nutrients removal efficiency were different in the planted or the unplanted wetlands (Mesquita et al. 2013; Cheng et al. 2011 ). An undisturbed marsh with Deyeuxia angustifolia was also selected to study the effect of nitrogen fertilizer levels on dissolved organic carbon in the short term. A total of 6 plots (1 m 2 ) were established, and 2 treatments (0 and 240 kg N ha -1 , respectively, with three repetitions) were chosen to monitor the effect of nitrogen fertilizer levels on dissolved organic carbon in undisturbed marshland soil. Dissolved organic carbon concentration was determined by sampling pore water in situ at 3 specific depths of 5, 10, and 15 cm, respectively. Stainless steel tubes (3.0 mm outer diameter, 2.0 mm inner diameter, and with 4 lateral ports at the bottom), equipped with silicon tubes, a 3-way valve, and a silicon septum, were installed prior to flux measurement. These tubes were installed at depths of 5, 10, and 15 cm, respectively. Accumulated pore water was collected using 20/50 ml syringes every 10 days, injected into plastic bottles, and stored in a cooling box (about 4°C) in the field. After being transported to the station, the samples in vials were frozen (-20°C) in the refrigerator for subsequent analysis of dissolved organic carbon concentration.
Sample analysis
Soil bulk density was measured in situ using the core method (Culley 1993) . Soil organic carbon was determined through the wet oxidation-redox titration method, after which total soil nitrogen was determined using the semimicro-Kjeldahl digestion (Lu 2000) .
Field-moist subsamples (25 g equivalent oven-dry soil) of each treatment were placed in beakers. These were incubated in 1-L glass jars containing vials with 10 mL CO 2 -free water to avoid water loss during incubation. The jars were tightly sealed and incubated at 25°C. Jars without soils were used as background references. The CO 2 production measured by HP 4890 gas chromatography after a day was considered the basal respiration (BR). Substrateinduced respiration (SIR) was measured according to the methods reported by Hofman et al. (2003) .
Soil microbial biomass carbon (MBC) was determined using a fumigation-extraction method (Zhang et al. 2007 ). Fumigated and non-fumigated soils were extracted with 0.5 M K 2 SO 4 for 30 min (1:5 soil/extractant ratio), after which the extracts were analyzed for carbon using a total organic carbon analyzer (TOC VCPH, Shimadzu). The carbon obtained from the fumigated samples minus that from non-fumigated samples was assumed to represent the microbial-C flush. This was then converted to MBC using the relationship: microbial biomass C = microbial-C flush/ 0.38 (Lu 2000) . The microbial quotient was calculated as MBC/TOC, whereas the metabolic quotient (qCO 2 ) was calculated as BR/MBC. Biomass-specific potential respiration was calculated as SIR/MBC (Hofman et al. 2003) .
Soil samples (10 g equivalent oven-dry weight) were weighed into 40 mL polypropylene centrifuge tubes. These were extracted with 30 mL of distilled water for 30 min on an end-over-end shaker at 30 rpm. Then, the samples were centrifuged for 20 min at 8,000 rpm, after which the supernatant was passed through a 0.45 lm filter (Ghani et al. 2003) . The extracts were analyzed for carbon using the TOC analyzer.
Data analysis
Statistical analysis was performed using SPSS software package for Windows. ANOVA was used to evaluate differences among the field sites. The level of significance was set at P \ 0.05, for all statistical tests.
Results and discussion
Changes of measured soil microbiological properties
Microbial biomass C ranged from 229 to 1,154 mg kg -1 among studied soils, and it differed significantly among cultivated soils (P \ 0.05). Microbial biomass C (P \ 0.05) and BR (P \ 0.0001) decreased with increasing cultivation time. Metabolic quotient value increased Fig. 1 Effects of continuous nitrogen application on measured soil microbiological properties and dissolved organic carbon in the Sanjiang Plain of Northeast China. Values are means and standard error. TOC total organic carbon, DOC dissolved organic carbon, MBC microbial biomass carbon, MQ microbial quotient, BR basal respiration, qCO2 metabolic quotient, SIR/BR substrateinduced respiration to basal respiration ratio, SIR/MBC substrate-induced respiration to microbial biomass carbon ratio sharply during the initial 1-3 years of cultivation and increased with cultivation time. The SIR/BR (P \ 0.05) and SIR/MBC (P \ 0.001) increased with cultivation time. MBC (R 2 = 0.9, P \ 0.05) and BR (R 2 = 0.82, P \ 0.05) were negatively correlated with the amount of nitrogen applied in the sites where nitrogen was continuously applied (Fig. 1) . The microbial quotient was also negatively correlated with the amount of nitrogen applied, although the correlation was not as strong ( Fig. 1 ) (R 2 = 0.32, P = 0.31). The metabolic quotient (R 2 = 0.95, P \ 0.05), SIR/MBC (R 2 = 0.56, P = 0.14), and SIR/BR (R 2 = 0.86, P \ 0.05) were positively correlated with the amount of nitrogen applied in the sites where nitrogen was continuously applied (Fig. 1) .
However, in a short period, the highest MBC and microbial quotient were observed in the plot treated with 60 kg N ha -1 , while the lowest values were observed in the plot treated with 150 kg N ha -1 . In contrast, the highest metabolic quotient was measured in the plot treated with 0 kg N ha -1 , and the lowest was in the plot treated with 60 kg N ha -1 , indicating that a moderate nitrogen application rate (60 kg N ha -1 ) stimulated soil microbial activity in the short term (about 2 months). A high nitrogen application rate (150 kg N ha -1 ), however, inhibited measured soil microbiological properties in the short term.
Previous studies have reported mixed results of the effects of nitrogen addition on soil microbiological properties. For example, Joergensen and Scheu (1999) reported that nitrogen fertilization induced an increase in MBC content, while Ghani et al. (2003) , Lee and Jose (2003) reported that nitrogen fertilization resulted in a decrease in MBC content. On the other hand, Galicia and Felipe (2004) reported no effects of nitrogen fertilization on MBC and microbial activity in the dry season; however, the effects of nitrogen fertilization on MBC and microbial activity are significant in the wet season. In the present study, MBC content, the microbial quotient, and BR were negatively correlated with the total amount of nitrogen application, whereas qCO 2 , PR/MBC, and PR/BR were positively correlated with the total amount of nitrogen application, indicating that chronic nitrogen application affects soil microbiological properties negatively.
Dissolved organic carbon
Total organic C concentration and dissolved organic C ranged from 71.2 to 24.0 g kg -1
and 187.5 to 147.9 mg kg -1 , respectively, among studied soils and decreased with increasing cultivation time (P \ 0.05). In the current study, TOC significantly decreased with the amount of nitrogen added to the sites where nitrogen was continuously applied (r 2 = 0.98, P \ 0.05) (Fig. 1) . Dissolved organic carbon concentrations decreased with the amount of nitrogen addition as well, although the effects were not as obvious (Fig. 1) (r 2 = 0.66, P = 0.09). The amount of dissolved organic carbon was reduced because most of the carbon was used in nitrogen fixation. Continuous nitrogen application resulted in a significant decrease in total organic and dissolved organic carbon concentrations that, in turn, induced the lack of carbon source for microbes. Therefore, continuous nitrogen application affected the measured soil microbiological properties negatively. Nitrogen application induced a significant decline in dissolved organic carbon concentration in the short term both in the undisturbed marshland and in cultivated soils (Figs. 2, 3) . Nitrogen input stimulated soil microbial activity to immobilize carbon in microbial biomass, inducing the growth of microbial biomass in the short term (Rochette and Gregorich 1998) . As arid crops have been converted to rice paddy in this area, this resulted in significant changes in the microbial communities and composition involved in removal of inorganic N into dinitrogen gas by anaerobic ammonium oxidation (Wang and Gu 2013).
Meanwhile, chronic nitrogen application resulted in the significant decrease in dissolved organic carbon concentrations that, in turn, induced the lack of carbon source for microbes. However, over the short-term period, moderate nitrogen application improved the immobilization of C or mobilization of C in microbial biomass and favored the growth of microbial biomass (Galicia and Felipe 2004) .
Conclusion
Continuous nitrogen fertilizer application resulted in the lack of carbon for microorganisms, negatively affecting measured soil microbiological properties. However, a moderate nitrogen application rate (60 kg N ha -1 ) stimulated soil microbial activity in the short term (about 2 months). Meanwhile, a high nitrogen application rate (150 kg N ha -1 in the present study) inhibited the measured soil microbiological properties in the same period. The continuous decrease in nitrogen fertilizer application can guarantee the sufficient carbon supply for microorganisms.
